Much of the work on embodied conversational agents is concerned with building computational models of nonverbal behaviors that can generate the right behavior in the 13 appropriate context. In this paper, we discuss, from a linguistic and a conversation theoretic point of view, how nonverbal behaviors in conversations work. We look particularly 15 at gaze and head movements. These play a variety of functions in face-to-face interactions. We show how these functions are structured by general principles governing 17 cooperative actions and symbolic communication.
Introduction
Embodied conversational agents are designed to take part in face-to-face conver-21 sations with humans. Properly engaging oneself in a conversation entails that one has internalized how to deal with the protocols and techniques that have evolved 23 in human society and how to turn the result into linguistic action. Much has been written on the various protocols and techniques involved in having a conversation as 25 the subject has been studied by several research traditions, including anthropology, sociology, social psychology, ethology, personality psychology, psychiatry, linguis-27 tics, anthropological linguistics, cognitive psychology, philosophy, ethnomethodology, micro-sociology, neuropsychology and psycholinguistics; a list of disciplines 29 mentioned in Duncan and Fiske.
1 Clearly, language is not just the domain of linguists but as language involves social action, it is a matter of concern to scholars in 31 many other disciplines. In this paper, we try to throw some light on the nature and structure of conversational protocols by focusing on two kinds of behaviors: head So by what systems of "rules" or "conventions" are face-to-face conversations 35 organized? The interest in conversations shown by the various disciplines is evidence for the many levels on which organizational rules are defined: linguistic conventions 37 related to lexical issues, syntax and semantics; conversational conventions such as each actor. 8 In the INES case, we therefore decided to incorporate the social variables into our choice of speech act primitives. The INES system was an attempt to 33 account for the fact that the behaviors that people display in face-to-face interactions operate on multiple levels simultaneously, involving both task-level and social 35 dimensions.
In this paper, we will show in more detail how even simple behaviors operate 37 on multiple levels and how the levels are connected with each other in a systematic way. We take a look at particular kinds of behavior that people display in face-to- meetings in Hertfordshire. Parts of this paper were presented at this workshop.
10
The aim of this paper is not just to point out how behaviors such as gaze and 9 head movements are governed by specific protocols and conventions, but to discuss in more detail the nature of the rules and conventions that operate in face-to-11 face conversation, how the general principles that govern cooperative behavior are realized in conversational acts and how, in fact, face-to-face conversations consist of 13 protocols to generate new conventions. This will show the systematic ways in which gaze and head movements function in conversations.
15
In Secs. 2 and 3, we look at head movements in face-to-face conversations. We first list the kinds of movements that appear and the many functions that have been 17 ascribed to them. Next we try to present the functions in a more systematic way, relating them to the various levels of conversational structure. In Secs. 4-6, we do 19 more or less the same thing for gaze, but now we also point out some more general principles that govern conversational structure. 
Head Movements
People involved in face-to-face conversations move their heads in typical ways. Who 23 would disagree that on the whole the pattern of head movements that people display in conversations seems to differ significantly from the patterns found in non- 25 conversational settings; when people are alone, for instance? Although this may appear too obvious to be worth stating, it is not totally insignificant because it 27 clearly suggests that one can assume that the primary determinants of these particular displays have to do with the nature, the purpose and the organization of 29 face-to-face conversations. If one wants to know more about the kinds of movements and movement patterns that occur and about the factors that determine 31 these one should know more about the protocols and principles that govern faceto-face conversation.
33
The subject of head movements in conversation has been discussed by many researchers from a variety of disciplines. Compared though to the studies on gestures 35 and facial expressions, head movements have received far less attention. We will first consider the way in which the movements have been described and analyzed 37 in order to determine that the properties of the movements can play a function in the face-to-face encounters. Next we consider the various functions that have been 39 ascribed to these movements. 
The movements 1
Although it is not the major objective of this paper to look at the properties of head movements as such, it still seems appropriate to outline the various dimensions 3 along which head movements can be described and which of these characteristics are involved in signifying processes. Birdwhistle 11 devised several coding schemes for 5 various kinds of kinetic behaviors. He distinguished the following head movements: (i) a full nod up and down or down and up, (ii) a half nod either up or down, (iii) a 7 small "bounce" at the end of (i) or (ii), (iv) a full side and back sweep (which may contain a nod or half nod) and (v) a cocked head.
9
The conversational character RUTH, 12 allows the same general head movements. The head can nod up and down, rotate horizontally left and right and tilt at the neck 11 from side to side. Furthermore, it can bring the whole head forward or backward. Some of the movements can be combined: 
15
The question is, though, whether each occurrence of a movement this way is the right unit of analysis. Furthermore, also other features of the movement may be 17 used as signifiers of some content. Iwano et al. 13 analyzed the head movements in a natural dialogue and movements during a cooperative problem-solving task.
19
Movements were classified according to whether they were horizontal, vertical or inclined and whether they were large or small. we make an attempt to map these functions within a general framework that takes language to be a form of joint, social action. deeper relation between head movements and the reasons that determine the speech phenomena: cognitive processing in case of hesitation, for instance.
13
Hadar and colleagues 14, 24 have also studied the motoric aspects of head movements during speech. Parallel to the relationship of hand gestures to speech, it 15 appears that the head moves almost constantly during speech whereas it remains mostly motionless during pauses and while listening. They also found a correlation 17 between head movements and loudness of the speech: "rapid head movements were accompanied by primary peaks of loudness." As a large proportion of head move-19 ments is synchronized with speech features such as loudness or pitch, they can be seen as prosody markers in the visual domain. We refer to Graf et al. 16 for example,
21
for a more detailed investigation of this relation. In this way, the head movements serve similar functions such as to mark prominence, for example, and so they play ever, is not that our body is synchronized with our verbal utterances but that our body tends also to coordinate with the verbal utterances of anyone we happen to be 27 listening to at the time." According to Hadar et al. 24 approximately one fourth of all head movements by listeners occur synchronously with the speaker's speech. Why 29 do listeners do this? The typical associations that exist between head movements and speech point out several components of interactional organization in which 31 head movements play a role. These are basic production processes (shown by the head movements at hesitation points, for instance), information structure (promi-33 nence, rhythm, stress) and synchronization processes between the participants in the conversation. Synchronization is essential to joint activities. 
Conversation management
As the list of functions of head movements and gaze above shows, head movements 37 seem to play an important role in managing the interaction, i.e. in turn-taking and backchanneling processes. McClave notes that "the 'speech-preparatory' repo-39 sitioning of the head before the start of talk can simultaneously signal the assumption of a turn or the intention to continue and as such is a part of conversational 41 management." In the same vein, Hadar et al. 14 determined that postural shifts 1 co-occurred most significantly between sentences or clauses that were associated with assuming or yielding a turn.
3
Goodwin 23 shows that many backchannels by hearers are responses to speakers' nonverbal requests for feedback in the form of up-and-down nods. Listeners 5 recognize and respond to these requests in a fraction of a second. 7 
Discourse functions

Kendon
26 notes that the particular patterns of movement vary according to the discourse function of the utterance. For example, in his corpus the speaker's head 9 position during a parenthetical remark contrasted with that during statements that "move the substance of the discourse forward" (p. 193). Kendon points out a recur-11 rent pattern for most locutions made by the subject who's behavior he is studying. "At the beginning of each of X's locutions, the head is held either erect and central, 13 or it is held erect and cocked somewhat to the right. As the locution ends, the head is tilted forward or lowered and, in several cases, it is either turned or cocked to the of discourse segments. In this sense, they work as a kind of discourse marker.
Cognitive processing
33
When a speaker utters a word or words and immediately rejects this as inappropriate and repairs, the repair is typically preceded or accompanied by head move-35 ments (most common: lateral shakes, often small lateral tremors). This relation is reflected in the correlation between certain head movements and speech production 37 (hesitations) as we indicated above. The "thinking face," described in Goodwin and Goodwin, 28 which involves a turn away from the addressee and a distant look in 39 the face, is a stereotypical expression to signal thinking. occurring with words such as "very," "a lot," etc. These are considered by Goodwin and Goodwin (o.c.) as prototypical assessment markers. Inclusivity is expressed by 7 a lateral sweep co-occurring with concepts of inclusivity with words such as "everyone" or "anything." Uncertainty, marked verbally by phrases such as "I guess," "I 9 think," etc, are kinesically marked by "lateral shakes whose trajectories may be quite contained."
11
The propositional function of most head movements has mainly to do with expressing a particular propositional attitude relating to certainty and credibility.
13
Instead of being a marker of cognitive processing, these movements are signals expressing an attitude towards the contents of the cognitions. 
Gaze
Head movements may result from an attempt to gaze towards or away from an 17 interlocutor or an attempt to obtain gaze. In this way, the various factors that determine gaze behavior may also be responsible for changes in head-orientation. Gaze is also involved in signaling interpersonal attitudes (people look more at those 33 they like, people high in dominance look more in competitive situations, people high in affiliative needs look more in a cooperative situation, negative attitudes may be 35 signaled by looking away). Gaze is said to be a cue for intimacy. This interpersonal dimension seems less significant for head movements as such.
37
a Some of these patterns have been used in implementations of embodied conversational agents and robots. 29, 30 This survey of functions and determinants of head movements (still incomplete) 1 shows the variety of factors that are involved. Head movements convey propositional information, they play a role in managing the interaction, are tightly connected with 3 the prosody of speech and they express interpersonal attitudes as well. How can we integrate all these elements into a view on interaction and the design of embodied 5 conversational agents? For this, we have to integrate a linguistic perspective that deals with the syntax and semantics of utterances as well as the organization of 7 conversations and with a social and psychological perspective.
Communication as Social Action
9
The number of functions of head movements is bewildering at first sight. One way to get a better sense of the function of these behaviors is to consider from a more 11 abstract point of view the nature of conversation and language use by making explicit the underlying modules and principles that govern these actions. Particu-13 larly, when we take the view that language is a form of social, interpersonal action, one can come to a deeper understanding of the many aspects involved in such simple 15 behaviors as head movements. In this section we will summarize -because of its eclectic nature -Clark's study of language use 9 and hook this up with the various • Grounding should occur at all levels of communication.
35
To explain the head movement behaviors and their functions, we rely on a couple of key concepts from Clark's perspective on language. These are the notion of con-37 versation as joint action on different levels, the notion of tracks in conversation and the various ways in which meanings arise. 1 An important thing to keep in mind when considering behaviors of participants in conversation, is that they are participatory actions that are part of a joint activity 3 carried out by the participants together. In order for such an action to succeed the participatory actions must be coordinated. "What makes an action a joint one, 5 ultimately, is the coordination of individual actions by two or more people. There is coordination of both content, what the participants intend to do, and process, the 
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Joint actions
Action ladders
17
The diversity in determinants of head movements is not surprising given that a lot of things happen in conversations at the same time. interlocutor apparently does not pay attention by turning his or her head away. head movements above that many pertain to this second track, for instance those head movements that play a role in floor and turn-taking. 
Tracks
Ways of meaning
Besides looking at the components on which behaviors work, it is also important 31 to look at their "mode" of operation. This will be discussed in more detail in the section on gaze below. As far as head movements are concerned, Hadar et al. 24 • Indicate interest, empathy
We will have more to say about the semiotic processes in communication with 19 respect to gaze in particular in Sec. 4.
Summary
21
When one turns to the literature on head movements in conversation, one is at first faced with a bewildering list of functions and determinants of all the kinds of head 23 gestures that people display during conversations. To get a grasp on the protocols that determine how people move their heads in face-to-face interactions, it is useful 25 to take a step back and consider in more depth how conversations work. The basic principles that govern conversation as a joint activity and a form of social action can 27 explain most if not all of the patterns of head gestures one may observe. In the next sections, we will take a closer look at gaze behaviors to get one level deeper in the 29 analysis, uncovering some underlying principles that are at work in conversations and that help to explain why and how these behaviors relate to so many functions. 
Gaze
In the previous sections, we already mentioned a number of functions associated 33 with gaze behaviors. Gaze has been observed to play a role in indicating addresseehood, the display of attentiveness, effecting turn transitions and in requests for backchanneling. Typical gaze patterns occur when doing a word search or when one shows a thinking face. Gaze behavior may reflect the social status of the par-37 ticipants. Looking away is often used to avoid distraction, to concentrate, or to indicate one does not want to be interrupted. It has been said that one looks to 1 another person in order to get cues about mood and disposition and to establish or maintain social contact. Gazing away may also reflect hesitation, embarrassment 3 or shyness. Gaze can also be used to locate referents in abstract space. As with head movements, many of the functions are related to interaction regulation on 5 various levels; from turn management to interpersonal relation management. Using gaze people establish and maintain contact. The list also shows that both cognitive 7 and social processes play an important role, for instance in the case of impression management (cf. Fukayama et al. 32 for an interesting study of the effects of some 9 simple gaze parameters on impression formation).
As with head movements, we will consider the question how it is possible that 11 the literature on gaze suggests so many functions and show how basic elements of conversational structure can explain the various functions in a more princi-13 pled way. We will attempt to show why gaze is so special in the role it has in conversations.
15
As with head movements, one of the first factors determining the multitude of functions has to do with the fact that conversation is a type of joint activity that 17 proceeds on multiple levels. On each of these, gaze plays a role as a coordination device. The power of gaze to play a role in "engagement/disengagement," in showing 19 liking or the role it plays in the social "bonding" process is build on the more primitive functions of lower levels. Although the gaze behaviors of participants in a 21 conversation have been studied in quite some detail, it is interesting to take a closer look at the patterns that have been described and to relate those observations 23 to primary processes in conversation explaining in part the relations between the various functions of gaze by the principles that underlie it. In the previous sections, 25 we have already identified several functional components and levels on which head movements operate. Gaze operates on most of these as well. 27 Gaze behavior has been said to reflect the social status of the participants or to indicate interpersonal attitudes such as liking. How is it possible that such a 29 simple behavior can carry these kinds of functions? In the following subsections, we point out how general semiotic and conversational processes together with some 31 principles of the multi-level organization of conversations which we touched upon in the previous sections can help us to explain this to a considerable extent. tion either derives naturally from these by common semiotic processes (which will be detailed in the next subsection). This process will explain, for instance, how a person's gaze to a certain object can be explained as a deictic signal, directing the attention to the person he looks at, rather than a simple shift in his own focus of 21 attention.
Signaling attention
23
In the first place, gaze functions as a means of monitoring: a way to perceive visual input. But one kind of visual input that participants in a conversation can perceive general. 34 The effect that one is showing or signaling that one is attending by paying attention through actions that can be perceived by others is built on what 17 
Castelfranchi calls behavioral implicit communication (BIC).
"Usual, practical, even non-social behaviors can contextually be used c "Language use depends on both natural signs and signals. Take natural signs. The sounds I hear mean that the radio is on. The shape of the object my friend is holding means that it is a book. The pitch of a caller's voice means that he is a man. A speaker's involuntary hesitation in uttering a word means that he probably had difficulty thinking of, choosing, or pronouncing it in time. Most things have a natural meaning, and these can be important for language use because they are all natural signs that this or that is true." (Clark, o.c.) .
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two possibilities: either x involved in behavior (i) is unaware of y observing him 1 and attributing meaning to his actions or he does know that y is monitoring him. In that case the attribution of meaning to the actions of x may be a "known but 3 unintended effect" of this behavior. This is then a case of "weak BIC." If, however, x intends his behavior to be observed by y, this counts as a case of "strong BIC." is where the listener is looking with the intention that y notices that x is looking at y.
Such shifts from pure self-motivated action to symptoms or cues and from symptoms to signals occur again and again e . In the case of gaze another function that 13 arises in this way is the "request for backchannelling" that Goodwin writes about: as a listener sees the speaker look at him, he may look for a reason of this gaze 15 behavior and try to find out why the speaker is monitoring him to conclude that the reason is a need for feedback. Looking at a person in general is often interpreted as 17 a request for action. As conversation involves joint action, this has to be regulated in all kinds of ways. Participants have to show each other that they are engaged in 19 the communicative process.
Regulation
21
As we mentioned before, Kendon notes that perceptual activity within interaction functions as a means of monitoring, regulation and expression. The first function we within interaction. Thus, the places where a speaker gazes at his recipient -utterance endings and phrase boundaries within the utterance -
29
are choice points, places where the future action of the speaker is contingent on the subsequent action of his hearer. By looking at his recipient at 31 these points, the speaker can both monitor the recipient's response and signal that a response is desired."
It is important to stress that Castelfranchi does not limit BIC to what are typical, communicative, linguistic behaviors but takes any kind of behavior into account. e Another, related semiotic process involves copying and imitation (pretending). The deictic case relies on the principle of copying "pay attention to what I am attending to" (to establish joint and coordinated attention). But the principle is ubiquitous, for instance, as a low voice is associated physically with large individuals it can be used to convey the impression of a large signaller. As largeness involves power, lowering a voice can be used to signal power (dominance, anger, etc.). g The screen shots from Pelachaud's Greta in Fig. 1 were f Information structure is part of a general concern with audience design as it deals with structuring an utterance taking into account the state of knowledge of the other participant. g There are a lot more things to say about the relation between gaze and smiles. (o.c.), "each person in an encounter is trying to manipulate the other person, in order to attain his own goals." As one is aware of being the object of intentions , 9 perceptions and attitudes of the others present, an important goal of interaction is self-presentation. Argyle remarks: "However, in order to take account of con-
11
cern with the other's point of view, this use of an imaginative cognitive model of the other, some addition seems necessary to the social skill model itself." Self-
13
presentation means presentation of the self for someone else and requires the capacity of a person to take another's perspective.
15
Interpreting gaze behaviors, in general, as signal of attention (or interest etcetera) assumes the cognitive ability to understand others as intentional agents.
17
It is therefore not surprising that gaze plays an important role in the "reading the mind in the eyes" test devised by Baron 
Gaze and the Organization of Conversation
In this section, we will look at theories of conversational processes, touched upon in 27 the previous section, to present the various aspects of conversation that were used in the account of the variety of functions of gaze behavior in the previous section.
29
Multiple levels. Austin already distinguished between actions on different levels such as the locutionary act and the illocutionary act. This refers to the kind of 31 constitutive relations that abound in conversational activity: people do something by doing something else (illocution: the act performed "in" locuting), by turning 33 their heads and eyes in a certain ways lovers may invite each other for another kissing round. As we saw before, in his analysis of language use, Clark the speaker proposes a joint project, and the addressees take it up."
Another important feature of conversational activity that was stressed in Using
11
Language and that is apparent from the description of the levels is that conversation involves a joint activity, i.e. an activity that people undertake together. Synchrony of action requires coordination on the entry and exit times to each phase. To achieve synchrony, the participants must be able to project
both times from what went before. They should be helped whenever the times are: (1) good reference points -jointly salient moments in time; and
13
(2) easy to project from the previous phases. The participants achieve continuous synchrony."
15
It is therefore not surprising that timing of gaze relates to important phases in conversations:
17 "The looks of the speaker toward the hearer occur at the ends of phrases. At points of hesitation, the speaker looks away from his recipient, gazing 
Summary
It is not surprising that gaze behavior carries so many functions. The nature of 33 conversations as a joint activity in which different people have to attend to each other and coordinate their actions performs the basis for the importance of gaze.
35
People engaged in a conversation have to look at each other to monitor each other's actions because they have to be coordinated, demanding synchronization. By a 
Implications for ECA Research
Traditional spoken dialogue systems abstract away from many processes found in natural, face-to-face conversations. They are turn-based, task-oriented and make use of limited input and output modalities. The work on Embodied Conversational
11
Agents has been trying to move away from these limitations in several ways. First, by extending the communicational signaling to other modalities taking into account 13 facial expressions, gestures and also posture and gaze, for instance. Secondly, by not only taking a task-centered approach to conversation but by also paying attention to 15 emotion, personality and the social context of interaction as is witnessed by the work on rapport, engagement, long-term relations, politeness, and social intelligence.
3-5
17
A third theme that has received some attention as well is the move away from turnbased systems towards continuous interaction. These concerns all relate to modeling of statistical and probabilistic models, whereas Poggi et al. 43 present an analysis of several common gaze behaviors in terms of BDI-like constructs. The approach taken 27 in this paper is to propose a kind of dictionary of gaze behaviors with definitions presented as formulas of this BDI-framework. In Ref. 29 and our own work, 30 we 29 implemented a simple gaze rule associated with turn-taking behavior. Gaze behavior plays an important role in human-human conversation affecting many dimensions 31 of interactive behavior. From our research on gaze in an earlier study, we came to the conclusion that it is not possible to separate the various functions and determi-33 nants of gaze. Focusing on the gaze behaviors typically associated with turn-taking behaviors, we did not only find differences in conversational smoothness, but also 35 in the way the virtual character was perceived and appreciated. We concluded that fiddling with one or more parameters of the gaze behavior designed to optimize a 37 particular function will automatically have repercussions for other functions. This lead us to the question of how exactly the functions relate to one another.
39
Most implementations of gaze models in the ECA community have relied on the conversational and psychological literature to define the rules that govern the gaze communicative behaviors one will have to take into account the complete picture, 1 i.e. all the levels of action involved in communication, the complex but systematic ways in which they are related, and the principles behind this organization. 
